Methicillin-resistant Staphylococcus aureus (MRSA)
is one of the main pathogens responsible for nosocomial infections. 1, 2 Previous studies have suggested that MRSA is not part of a patient's endogenous flora. 3 Other studies have indicated that acquisition of MRSA is associated highly with subsequent MRSA infection. 4 Prevention of transmission among hospitalized patients appears to be the major method for the control of MRSA infection. 3 Two major guidelines in the United States have provided important recommendations for the control of MRSA transmission. 3, 5 These guidelines agree on many issues. However, there is one major difference. The guidelines of the Society of Healthcare Epidemiology of America recommend the use of active surveillance of MRSA for all highrisk patients, especially those who have stayed in an intensive care unit (ICU). 3 In contrast, the guidelines of the Centers for Disease Control and Prevention Healthcare Infection Control Practices Advisory Committee (HICPAC) recommend the use of active surveillance of MRSA only after other interventions have failed to control transmission. 5 During the past 2 decades, many United States hospitals have adopted the HICPAC recommendations, 6 but the incidence of MRSA infection has continued to increase. 1 It has been argued that unrecognized MRSA carriers become continuous sources of MRSA because they are not placed in isolation. This has prompted some hospitals to implement active surveillance for MRSA in target patients. 3, 7 Although several studies have reported that active surveillance successfully controls MRSA infection, [8] [9] [10] others have reported inconsistent or negative results. [11] [12] [13] [14] A high proportion of MRSA (up to 80%) among all nosocomial S. aureus isolates has been noted in Taiwan. 15, 16 Taiwanese hospitals have followed the HICPAC recommendations for many years, but these have provided no obvious benefits. 17, 18 In addition to the controversies concerning MRSA-control guidelines, the effectiveness of active surveillance and early initiation of contact isolation (ASI) in an area with a high proportion of MRSA among all nosocomial isolates of S. aureus has never been studied. In addition, some adjuvant interventions such as rapid detection of MRSA using polymerase chain reaction methods, preemptive isolation, and bedside bathing using chlorhexidine-containing solutions are not applicable currently in Taiwan because of limitations in resources and/or lack of acceptance by patients and their families. 7, 14, 19 We conducted the present study to investigate the impact of active surveillance on the transmission of MRSA among high-risk patients in the ICUs of two hospitals in Taiwan. 
Methods

Hospital settings, patients, and study period
Study protocol
The study was approved by the Institute Review Boards of the two hospitals. This 14-month study consisted of three phases: phase I (the first 6 months), wash-out phase (the following 2 months), and phase II (the last 6 months). Active surveillance was performed in phases I and II. The active surveillance procedures were as follows: (1) all patients who were in ICUs on the first day of phases I and II had surveillance cultures taken on day 1 of each phase; (2) patients who were newly admitted to the ICU had surveillance cultures taken within 24 hours of admission; (3) for all patients, surveillance cultures were taken every 3 days and on the day that they left the ICU; and (4) the culture sites of every surveillance culture were the nostril, [20] [21] [22] throat (or sputum if the patient was intubated), 23, 24 axillae, 3 inguinal area, 3 and wound (if present). 21, 22 During phases I and II, all healthcare workers in the two ICUs were screened monthly for nasal J Formos Med Assoc | 2010 • Vol 109 • No 4 carriage of MRSA. All culture swabs were sent immediately to the central laboratory at the National Health Research Institute (Zhunan, Taiwan).
During phase I, the results of active surveillance were not given to the healthcare workers. Only infection control interventions suggested by HICPAC, except those related to active surveillance, were adopted in these two ICUs. 5 Therefore, in phase I, patients were placed in isolation only when cultures of their clinical specimen yielded MRSA and/or other multidrug-resistant bacteria, or if they suffered from contagious diseases. During the washout phase, an education program (designed by three senior infectious diseases specialists) was used to train healthcare workers on isolation procedures that would be adopted in phase II. During phase II, patients who tested positive for MRSA by surveillance and clinical specimen cultures were put on contact isolation immediately after the culture results were available. The procedures of contact isolation in phase II were: (1) patients were moved to private rooms or cohort areas as soon as possible; (2) non-critical devices were used exclusively in those isolated patients; (3) healthcare workers were instructed to wash their hands with chlorhexidine-based disinfectants (4% w/v) or alcohol-based hand rubs before entering and after leaving the private rooms or cohort areas; (4) healthcare workers were instructed to put on gowns and gloves before entering the private rooms or cohort areas; (5) healthcare workers were instructed to take off gowns and gloves after leaving the private rooms or cohort areas; (6) the beds and surrounding environment were cleaned and disinfected with 0.5% sodium hypochlorite after patient discharge; (7) study assistants were instructed to monitor the adherence of healthcare workers to procedures 3-5 twice daily; and (8) contact isolation continued until the patient was discharged.
Microbiology
Each swab was plated onto a sheep blood agar plate, and a CHROMagar MRSA plate, after which it was placed in a tube of enrichment (salt) broth that contained 5 mL Trypticase Soy Broth with 7.5% NaCl. After overnight incubation, the enrichment broth was subcultured on a CHROMagar S. aureus plate. All plates were incubated at 35°C in ambient air and were checked for the presence of S. aureus and/or MRSA at 24 and 48 hours after incubation. Isolates suspected to be S. aureus from sheep blood agar were first checked by catalase and Gram stain if deemed necessary, and all S. aureus was confirmed by coagulase latex agglutination. S. aureus isolates from blood agar plates and CHROMagar S. aureus plates were spotted onto CHROMagar MRSA plates to check for methicillin resistance, whereas confirmed S. aureus isolates from CHROMagar MRSA plates were assumed to be MRSA.
All isolates were subcultured to a fresh blood agar plate and stored at −80°C for subsequent drug susceptibility tests. Susceptibility to chloramphenicol, ciprofloxacin, clindamycin, erythromycin, gentamicin, linezolid, rifampin, teicoplanin, tetracycline, trimethoprim/sulfamethoxazole, and vancomycin was determined using the disc diffusion method. 25 All media and identification reagents were purchased from Becton, Dickinson and Co., Franklin Lakes, NJ, USA), unless indicated otherwise.
Data collection and definitions
A standardized case record form was used to record demographic, clinical, and microbiological data. The demographic data included patient age and sex. The clinical data consisted of dates of ICU admission and discharge, length of ICU stay, Acute Physiology and Chronic Health Evaluation II (APACHE II) score upon admission to the ICU, 26 underlying diseases, recent operations, invasive therapeutic procedures, and prior use of antimicrobial agents. The microbiological data included the first date when a culture tested positive for MRSA, and the body sites where positive cultures were found. The prevalence of patients carrying MRSA on admission and during their stay in the ICU, as well as the incidence of MRSA transmission (newly acquired MRSA) during ICU stay were recorded and compared.
The APACHE II scores were divided into low and high groups, with a cutoff point of 17, as suggested previously. 27, 28 Initially, antibiotics were classified into 15 groups: Group 1, penicillins without anti-pseudomonal effect and not combined with β-lactamase inhibitors; Group 2, antipseudomonal penicillins; Group 3, penicillins combined with β-lactamase inhibitors; Group 4, first-generation cephalosporins; Group 5, secondgeneration cephalosporins; Group 6, third-generation cephalosporins without anti-pseudomonal effect; Group 7, third-generation cephalosporins with anti-pseudomonal effect; Group 8, fourthgeneration cephalosporins; Group 9, carbapenems; Group 10, monobactams; Group 11, glycopeptides; Group 12, anti-anaerobic agents and antibiotics with activity against atypical pathogens; Group 13, aminoglycosides; Group 14, antifungals; and Group 15, fluoroquinolones. Subsequently, antibiotics of groups 2, 6, 7, 8, 9, 10, 13, and 15 were classified further as broad-spectrum antibiotics.
Prior use of antibiotics was defined as use within 15 days before acquisition of MRSA (for those who were positive for MRSA), or 15 days before ICU admission to the day of ICU discharge (for those who were negative for MRSA). 29 Invasive therapeutic procedures included use of central venous catheters (CVCs), arterial catheters, Port A catheters, endotracheal tubes, nasogastric/nasoduodenal tubes, peripheral venous catheters, thoracentesis, and paracentesis within 7 days prior to acquisition of MRSA (for these who were positive for MRSA), or within the meanwhile from 7 days before ICU admission to the day of ICU discharge (for those who were negative for MRSA). Recent operation was defined as: (1) a simple procedure performed under local anesthesia within 7 days prior to acquisition of MRSA (for those who were positive for MRSA), or within the meanwhile from 7 days before ICU admission to the day of ICU discharge (for those who were negative for MRSA); or (2) an operation performed under general anesthesia within 30 days prior to acquisition of MRSA (for those who were positive for MRSA), or within the meanwhile from 30 days before ICU admission to the day of ICU discharge (for those who were negative for MRSA). 30 Transmission of MRSA was defined as patients being negative for MRSA on first active surveillance culture upon admission to the ICU, but being positive for MRSA in the following active surveillance cultures or the clinical cultures during their stay in the ICU.
Statistical analysis
Statistical analysis was performed with SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA). Continuous variables were compared using Student's t test. Categorical variables were compared with a χ 2 test or, if the expected values were < 10, Fisher's exact test. The primary end point was the incidence of MRSA transmission during ICU stay (new acquisition of MRSA). Nosocomial MRSA infection rates were also compared. The method described by Oleinick and Mantel was used to compare the incidence in phases I and II. 31 Predictors for acquisition of MRSA during ICU stay were identified using a logistic regression model, by comparing the characteristics of patients with newly acquired MRSA (including new colonization and new infection) to those who were never positive for MRSA by all active surveillance cultures and clinical cultures while staying in the ICU. All parameters were tested initially by univariate analysis. Parameters with a p value less than 0.05 from the univariate analysis were used for multivariate analysis. Parameters with collinearity (variance inflation > 10, as determined by a linear regression model using the VIF option in SAS) were not considered in the final model simultaneously. A stepwise model comparison and selection were used to determine the final model of multiple variables analysis. All tests were two-tailed and p < 0.05 was considered statistically significant. Table 1 shows the demographic and clinical data of the enrolled patients. Chronic renal insufficiency was the most common (79.4%) genitourinary tract disease, and diabetes mellitus was the most common (98.0%) endocrine disease. For . More patients in phase II had APACHE II scores > 17, underlying malignancy; use of nasogastric tubes, urinary catheters and endotracheal tubes; and use of anti-pseudomonal penicillins (Group 2) and second-generation cephalosporins (Group 5). During phase I, we screened 695 patients (1309 patient-times in total). The proportion of surveillance cultures missed was 5.6%. The total number of patient days for both ICUs was 6286. A total of 234 patients (33.7%) were positive for MRSA through active surveillance. Only 50 patients, all of whom belonged to those identified by surveillance cultures, were found positive for MRSA through routine culture of clinical specimens. Among the 234 MRSA-positive patients, 184 were found to have been positive for MRSA by active surveillance at ICU admission (which indicated that they had carried MRSA at the time of admission to the ICU). The other 50 patients (13 in hospital A and 37 in hospital B) acquired MRSA during their stays in the ICU. The time lag from ICU admission to acquisition of MRSA for the 13 patients in hospital A was 9.6 ± 8.5 days, and that for the 37 patients in hospital B was 13.0 ± 14.4 days. During this phase, there were 15 episodes of nosocomial MRSA infections in these two ICUs ( Table 2) .
Results
During phase II, we screened 930 patients (2249 patient-times in total). The proportion of surveillance cultures missed was 4.5%. The total number of patient days for both ICUs was 6743. Two hundred and seventy-three patients (29.4%) were positive for MRSA through active surveillance. Only 59 patients, all of whom belonged to those identified by surveillance cultures, were positive for MRSA through routine culture of clinical specimens. Among these 273 MRSA-positive patients, 210 were found to have been positive by active surveillance for MRSA at admission to the ICU. The other 63 patients (18 in hospital A and 45 in hospital B) acquired MRSA during their stay in the ICU. The time lag from admission to ICU to acquisition of MRSA for the 18 patients in hospital A was 9.4 ± 8.7 days, and that for the 45 patients in hospital B was 10.8 ± 8.2 days. During this phase, there were 16 episodes of nosocomial MRSA infections in these two ICUs ( Table 2 ). All patients with nosocomial MRSA infection were found to be carriers of MRSA by active surveillance at 3-21 days before the development of infection. Nasal carriage of MRSA by healthcare workers did not differ significantly between the two phases (hospital A: 8/32 vs. 7/25, p = 0.768; hospital B: 14/55 vs. 11/58, p = 0.507). Table 3 shows the incidence of MRSA transmission during phases I and II in both hospitals. A comparison of phases I and II indicated no significant differences in the incidence of MRSA transmission (hospital A, p = 0.940; hospital B, p = 0.810), MRSA infection (hospital A, p = 0.719; hospital B, p = 0.932), and the time lag from admission to the ICU to acquiring MRSA (hospital A, p = 0.96; hospital B, p = 0.42).
Among the 507 patients who were positive through active surveillance for MRSA, 90.9% had positive nasal swab cultures, 87.5% had positive sputum or throat swab cultures, 62.6% had positive axillary swab cultures, 71.1% had positive perineal swab cultures, and 11.8% had positive wound cultures.
There were 420 MRSA isolates collected in phase I and 415 in phase II available for drug susceptibility tests. Susceptibility to chloramphenicol was 54.1% in phase I and 55.2% in phase II; ciprofloxacin, 17.8% and 14.8%; clindamycin, 15.5% and 18.8%; erythromycin, 4.8% and 4.0%; gentamicin, 13.3% and 10.6%; linezolid, 100% and 100%; rifampin, 88.8% and 77.6%; teicoplanin, 100% and 100%; tetracycline, 21.9% and 24.6%; sulfamethoxazole, 32.1% and 32.3%; and vancomycin, 100% and 100%. There was no significant difference in the drug susceptibilities between the two phases.
To determine adherence of healthcare workers to contact precautions, we made 701 observations. For hospital A, the adherence rates for washing hands using antiseptics before entering a private room or cohort area, washing hands using antiseptics after leaving a private room or cohort area, putting on gloves before entering a private room or cohort area, taking off gloves after leaving a private room or cohort area, putting on gowns before entering a private room or cohort area, and taking off gowns after leaving a private room or cohort area were 63.3%, 81.8%, 83.8%, 80.2%, 87.4%, and 88.2%, respectively. The corresponding rates for hospital B were 33.1%, 52.2%, 64.8%, 42.1%, 67.1%, and 67.3%, respectively.
Univariate analysis determined that the following factors increased the risk of acquisition of MRSA (Table 4 ): prolonged ICU stay; female sex; high APACHE II score at admission; use of CVCs, nasogastric tubes and endotracheal tubes; respiratory tract, genitourinary tract and endocrine diseases; recent operation; use of penicillin combined with β-lactamase inhibitors; and use of second-generation cephalosporins, glycopeptides, aminoglycosides, fluoroquinolones, and broadspectrum antibiotics. Active surveillance plus contact isolation was not a significant factor (odds ratio, 0.884; 95% confidence interval, 0.599-1.306; p = 0.540). Multivariate analysis indicated that prolonged ICU stay and the presence of respiratory tract diseases were independent risk factors for acquiring MRSA in the ICU (Table 5 ). 
Discussion
The present study demonstrated that ASI did not reduce the transmission of MRSA and MRSA infection in ICU patients in two Taiwanese hospitals. For our ICU patients, the overall prevalence rate of MRSA carriage was 31.2%. However, the incidence of nosocomial MRSA infection was low: 0.65 per 1000 patient days in hospital A, and 2.81 per 1000 patient days in hospital B. Only 21.5% patients who carried MRSA could be identified using routine clinical cultures. Nasal swab cultures had the higher yield rate to find MRSA carriage.
Some previous studies have suggested that ASI reduces the transmission of MRSA, 8, 10, 12 and two major guidelines to control nosocomial infection advocate the use of ASI. 3, 5 However, the studies of Cepeda et al and Harbarth et al have shown that implementation of these procedures had no effect. 11, 13 The different conclusions of these studies might have been the result of differences in study design, simultaneous application of other interventions (e.g. chlorhexidine bathing and topical mupirocin) other than ASI, differences in patient populations, and differences in the baseline prevalence of MRSA.
Despite the controversies about the effectiveness of ASI, we can suggest five reasons for the negative results in our study. First, we did not adopt preemptive isolation for patients who were newly admitted to the ICU. According to the surveillance results, 77.7% of patients who were positive for MRSA carried MRSA upon ICU admission. In this study, it took about 3 days to obtain culture results, which was similar to the routine practices in Taiwanese hospitals. Therefore, it is possible that transmission of MRSA to patients 19 Second, we did not use intranasal mupirocin and chlorhexidine bathing to reduce the colonization pool. This procedure has been reported previously as being effective in reducing MRSA colonization and infection. 7 A nasal preparation of mupirocin is currently not available in Taiwan, and chlorhexidine bathing is not acceptable to Taiwanese patients and their families at the present time. 19 Third, the prevalence of MRSA carriage among ICU patients (31.2%) was much higher in our study than in previous studies from other countries (11.4-15.7%). [6] [7] [8] The high prevalence of MRSA among our patients might have led to a higher overall probability of transmission. 14 Fourth, more of the patients in phase II of our study had significant clinical conditions, in particular high APACHE II scores, use of devices, and underlying diseases, compared with those in phase I. Patients with more complicated clinical conditions might have a higher risk of acquiring MRSA. Fifth, adherence of our healthcare workers to contact precautions was not good. A breach in isolation precautions unquestionably increases the risk of MRSA transmission.
Our study also showed that ASI did not decrease nosocomial MRSA infections in ICU patients. In addition to the reasons listed above, a low MRSA infection rate (0.65 per 1000 patient days at hospital A, and 2.8 per 1000 patient days at hospital B) compared with that in United States hospitals (2.0-8.9 per 1000 patient days) was found in the present study. 14, 32 The cases of nosocomial infection in our two ICUs were defined according to the United States Centers for Disease Prevention and Control. 33 Therefore, the possibility of underestimating the MRSA infection was less likely. The low baseline MRSA infection rate might be a possible factor hindering the impact of ASI. Furthermore, a recent report by Robicsek et al demonstrated that surveillance cultures in ICUs alone do not result in a decrease in MRSA infections, but universal surveillance of the whole hospital does decrease infection. 32 This might also partly explain the negative results of our study, because a large proportion of our patients who were positive for MRSA were positive at the time of ICU admission, which indicated that they were likely to have acquired MRSA in other wards of the hospital. In addition, the nosocomial MRSA infection rates were much higher in the ICU of hospital B in phase I of the study compared with those noted from 2000 to 2004. It might be possible that, if active surveillance were not conducted, the nosocomial MRSA infection rate in the ICU of hospital B would continue to increase. Therefore, active surveillance might, in fact, have been helpful in controlling the nosocomial MRSA infection rate in the ICU of hospital B. However, this phenomenon could not be demonstrated in the ICU of hospital A.
Compared with hospitals in the United States, we noted a higher prevalence of MRSA carriage, but a lower MRSA infection rate. This finding is worthy of further study.
Our finding that routine clinical cultures detected only 21.5% of the MRSA colonization pool is similar to that (15%) reported by Salgado et al. 9 Previously reported risk factors for acquiring MRSA have included use of systemic antibiotics, prior residence in a long-term care facility, prior hospitalization, prior operation, need for dialysis, use of CVCs or long-term venous access devices, and use of urinary tract catheters. 34 We identified prolonged ICU stay and presence of respiratory diseases as the two independent risk factors for acquiring MRSA. It seems obvious that a prolonged ICU stay will increase the risk for acquiring MRSA. Presumably, the presence of respiratory diseases might facilitate colonization or infection of the airway with MRSA as a result of a breach in the defensive barriers of the normal airway.
In conclusion, our study demonstrated that ASI did not reduce MRSA transmission and infection among ICU patients in two Taiwanese hospitals where there was a high prevalence of MRSA. The negative results of ASI could reflect the current situation in Taiwanese hospitals, where a relative low adherence rate to isolation precaution by healthcare workers was present, and limited resources compromised the implementation of other adjuvant infection control interventions. In addition, the major burden of nosocomial infections in Taiwan currently is caused by drugresistant Gram-negative bacilli. 35 ASI for MRSA might not have a high priority as a mandatory infection control measure in Taiwan before the situation changes. 36 Prolonged ICU stay and the presence of respiratory diseases were independent risk factors for acquiring MRSA in ICUs.
